Background: The incidence of synchronous bilateral tonsil carcinoma seems to be underreported. For adequate oncologic treatment, it is mandatory to remove all primaries to prevent recurrence or metachronic disease. The purpose of this manuscript is to provide a comprehensive review on this topic and to emphasize the need of bilateral tonsillectomy in cases of cancer of unknown primary (CUP) as well as in the case of a unilateral tonsillar carcinoma. Material and methods: A systematic review of the literature was performed for "bilateral tonsillar neoplasm", "synchronous cancer of the oropharynx" and "cancer of unknown primary in head and neck".
Background
The detection and treatment of the primary neoplasm in cancer of unknown primary (CUP) of the head and neck (H&N) presents a challenge for the clinician. Currently, the recommended procedure involves imaging techniques as well as panendoscopy with systematic biopsies of localizations with high incidence of occult primary side including an ipsilateral tonsillectomy or at least a biopsy of the ipsilateral tonsil. At first sight, up to 10% of H&N malignancies present as a CUP [1] and the primary tumor can be identified in approximately 21, 5-75% of these cases. As in all H&N malignancies, squamous cell carcinoma presents the most common entity, with the tonsil being the most frequent localization for an occult primary. Patients with a CUP disease have a decreased overall survival rate compared to other head and neck squamous cell carcinoma (HNSCC) patients [2] .
Primary tonsillar carcinoma is the third most common malignancy in H&N area, after thyroid and larynx carcinoma [3] . About 50% of patients are diagnosed with lymphatic metastazation, occurring on the contralateral cervical side in 10-15% [4] . Tonsillar malignancy is likely to be diagnosed in advanced stages with indolent neck mass due to frequent submucosal presentation or deep formations in the crypts with few local clinical symptoms (Fig. 1) .
The presence of synchronous malignant tumors in the H&N is not uncommon and is the leading long-term cause of mortality [5] . Within five years, 15% of patients with a tonsillar carcinoma present a secondary tumor localized in the H&N [6] . The risk of a secondary malignant tumor in the H&N area is linked by the degree of symmetric chronic exposure to carcinogenic factors of the upper aerodigestive tract. In more recent investigations a strong association of oropharyngeal cancer and -in a lesser extend-CUP-syndromes with human papilloma viruses (HPV) is visible, with significantly better clinical outcome [7] .
However, synchronous bilateral tonsil carcinoma is uncommon and only a few cases are reported in literature with the first report in 1971 [8] . The true incidence is likely to be underreported.
The high frequency of tonsillar primaries, as mentioned above, leads to frequent recommendation of unilateral diagnostic tonsillectomy in the context of CUP-panendoscopy [9] . If a tonsillar carcinoma is suspected, a panendoscopy with biopsy or tonsillectomy of the suspected (ipsilateral) tonsil follows. The recommendation for a bilateral tonsillectomy is frequently seen in literature [10] but without consistent performance in clinical practice or integration in corresponding guidelines.
We present a case of a synchronous bilateral tonsil carcinoma with subsequent review of the current literature. This article intends to raise the question of whether a bilateral tonsillectomy should be established as a standard procedure, with the aim of a homogenous approach in cases of cervical CUP-syndrome and/or unilateral tonsillar cancer.
Main text

Materials and methods
A systematic review of the literature was performed via MEDLINE using the terms "bilateral tonsillar neoplasm", "cancer of unknown primary in head and neck" as well as "synchronous cancer of the oropharynx" from the years 1971 until 2016. All abstracts were reviewed and all publications mentioning a bilateral tonsillar carcinoma were included. The references in the relevant papers were also reviewed. We declare that we have read the Helsinki Declaration and have followed the guidelines in this investigation.
Results
We identified 18 manuscripts describing 29 cases of synchronous bilateral tonsil carcinoma with one case presenting an additional contralateral carcinoma in situ and four cases of contralateral metachronous tonsillar carcinoma. The principal recommendations of these papers are shown in Table 1 [1, 3, 4, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
Furthermore, we describe a case of a bilateral tonsillar carcinoma confirmed by histopathological analysis following bilateral tonsillectomy in the context of panendoscopy for diagnosis of an occult primary.
Case
A 52-year-old, male patient presented with an eightweek history of a right-sided cervical mass. No further complaints were mentioned. The patient did not consume alcohol nor did he smoke. The oropharyngeal and laryngeal examination revealed just a slight enlargement of the right tonsil compared to the left without induration of the tonsils, ulceration or other abnormalities. An ultrasound of the neck revealed a highly suspect lymph node formation on the right side (TNM: cN2a). A lymph node extirpation followed and indicated a lymph node metastasis of a low-grade keratinizing squamous cell carcinoma. At this point, no HPV diagnostic of the lymph node material was performed. A PET-CT scan performed two weeks after revealed a highly increased metabolism of the right tonsil with highly increased contrast medium uptake and the suspected diagnosis of a tonsillar carcinoma of the right side (Fig. 2) . A panendoscopy with bilateral tonsillectomy and systematic biopsies -including a bilateral deep biopsy of the base of tongue-was performed as a standard procedure for CUP staging/diagnostics. Intraoperatively, an induration of the right tonsil was palpated. Neither the contralateral side, nor the base of tongue showed any abnormalities. However, the pathohistological examination showed a synchronous bilateral T1 tonsil squamous cell carcinoma with a HPV-16 positivity in the DNA-PCR analysis of tumor tissue. The patient underwent a bilateral tumor resection with a modified radical neck dissection, level I-V of the right side and a left-sided selective neck dissection, level II-V. The TNM-stage was bilateral pT1 pN2a cM0. 
Discussion
The presence of a bilateral tonsillar carcinoma is rare and only 29 cases are reported in literature. Although many published articles on this topic exist and there is a general consensus that a panendoscopy with representative biopsies should be performed, diverse opinions persist for the handling of the palatine tonsils. An unanimity exists for ipsilateral tonsillectomy but a bilateral procedure is discussed controversially [1] .
Although the morbidity of an extended radiation field due to a bilateral primary is increased, the oncologic outcome of missing the second primary by surgery and radiation might be fatal [22] . Due to our clinical experience and the cases reported in literature we provide evidence for bilateral tonsillectomy in cases of CUPsyndrome and unilateral tonsillar cancer with and without HPV-positivity.
A tonsillar carcinoma is more likely to be missed by biopsies than by bilateral tonsillectomy Simo et al. also described a case of a CUP-syndrome with the detection of primary tumor in a tonsillar remnant by status post tonsillectomy in childhood [23] . Through biopsies, risk of false negative results can arise if the tumor is localized in the submucosa or in deep crypts [24] necessitating another attempt to obtain a representative sample.
The standard therapeutic procedure for unilateral tonsillar carcinoma with T-classification T3 or higher is an adjuvant radiation of the contralateral neck even in an N0 stadium since the risk for contralateral lymph node metastasis is approximately 21% [25] . The contralateral tonsil is usually excluded from the irradiation field to avoid the higher morbidity and oropharyngeal complications. Therefore, a bilateral tonsillectomy seems to be justified. This procedure can prevent the consequences of a late diagnosis as well as improved patient outcome compared to a late diagnosis of metachronous tumor [18] . Another advantage is the resulting symmetric appearance of the palate arches, which allows for improved oncologic surveillance. In this case a recurrence or a secondary tumor can be more easily detected by means of the disturbance of the symmetry.
Questions of pathogenesis
It is well known that synchronous or metachronous oropharyngeal carcinomas can occur by field cancerization due to symmetrical exposure to noxa [26] . Additionally, recent reports have revealed that Human papilloma viruses (especially subtype 16) increase the risk for developing tonsillar carcinoma [27] . Furthermore, reports exist with speculations of HPV-related oropharyngeal field cancerization and of HPV-related bilateral tonsillar [28] . As we see in Table 1 , 6 publications reveal a HPV-positivity in the detected carcinoma in cases with primary diagnosis of CUP-syndrome as well as unilateral tonsillar carcinoma. As it is visible, HPV testing was performed in the more recent publications, demonstrating the relatively new knowledge about the influence of HPV in oral cancer. We present here another case of HPV-positive bilateral tonsillar carcinoma. In our case, a HPV examination of the metastatic lymph node was not performed and a PET-CT followed to locate a primary tumor. Because of the fact, that the primary tumor in HPV-positive cancers is often occult, a HPV detection in the metastatic lymph node would be helpful for identifying the primary location since 80-90% of HPV positive tumors can be found in the oropharynx (palatine tonsils, base of tongue, lingual tonsils) [1, 29, 30] . Consequently, a HPV positivity in the resected lymph node could be an additional hint and could facilitate the decision of performing a PET-CT or not. This additional examination is not yet a standardized procedure in our clinic but it is in the process of establishment.
Another relevant question in this context would be if it is justified to perform an additional ablation of the base of tongue in HPV-related CUP to minimize the risk of overseeing the primary tumor. Since risk of complications is higher after this procedure and primary tumors are found more common in the palatine tonsils, literature suggests a bilateral base of tongue resection if the palatine tonsils have already been removed [31] . Hence, an ablation of the base of tongue should be discussed if the case of a HPV positive CUP with bilateral tumornegative tonsils occurs, which would increase the risk of tumor-localization in the base of tongue. This further option has to be taken in consideration and the riskbenefit ratio has to be discussed with the patient since the procedure is painful and is accompanied with increased bleeding risk.
However, a bilateral tonsillectomy with pathological examination of the whole tissue, like in our case performed, is an important procedure in diagnosis and therapeutic management of HPV positive and negative tumors, since tonsillar carcinoma often appear in an early stage with manifestation in the deep crypts, not only in HPV positive but also in HPV negative tumors [4] .
Questions of diagnosis
In our case, PET-CT imaging raised the question of an ipsilateral tonsillar carcinoma as a primary tumor for the existing lymph node metastasis. After bilateral tonsillectomy, a synchronous bilateral carcinoma was histologically detected. A unilateral tonsillectomy would have overlooked the contralateral lesion resulting in a late diagnosis of the contralateral tonsillar carcinoma. PET-CT imaging has proved to be useful in detecting primary sites and distant metastasis in patients with solitary lymph node metastasis. Success rates are reported between 25 and 73%, but a false positive rate is stated between 20 and 46%, which could be explained though increased FDG uptake by chronically inflamed tissue or reactive lymph nodes [32] . False negative results can be caused by early lesions or carcinoma in situ [33] . However, the higher sensitivity of PET-CT makes it more useful for finding the primary tumor site than either PET or CT alone. Nevertheless, in our case described above no reliance on the imaging technique was given. In conclusion, an imaging technique, particularly PET-CT, is necessary for reasons described above and can assist in work-up and diagnosis of CUP-syndrome [18] , but a bilateral tonsillectomy with histopathological tissue examination, is more reliable for detection of a tonsillar primary [3] and should not be replaced.
Questions of therapy
Bilateral tonsillectomy is recommended as a routine diagnostic tool in 10% of the relevant publications ( Table 1 ). The NCCN 2014 guidelines recommend a tonsillectomy without specifying unilateral or bilateral. Support is growing for the recommendation of bilateral tonsillectomy, but reports can be found with a restrained opinion [1, 24] . For example, Kothari et al. recommend a bilateral tonsillectomy in CUP patients if the PET-CT scan does not reveal any primary [4] . However, this practice can be risky if a false positive result occurs during PET-CT diagnosis, like in our case described. The recommendation of a bilateral tonsillectomy is supported by Moualed et al. who describe two cases of bilateral tonsillar carcinoma with a primary diagnosis of CUP-syndrome and one of bilateral tonsillar carcinoma with a primary diagnosis of being unilateral. They recommend a bilateral tonsillectomy in patients with suspected unilateral tonsillar carcinoma as well as in patients with a cancer of unknown primary [8] . In our clinic we perfom, and therefore we suggest, a bilateral tonsillectomy in non-CUP-cases with a single sided tonsillar carcinoma as well as in all CUP cases regardless HPV status.
An investigation recently published through Fakhry et al. shows a retrospective analysis of the incidence of oropharyngeal cancer after tonsillectomy. The Danish Cancer Registry was analyzed to determine if previous tonsillectomy reduces the future risk for oropharyngeal cancer. They report that remotely performed tonsillectomy resulted in a decreased risk of developing tonsillar cancer [34] . Nevertheless, a prophylactic tonsillectomy can not be recommended and more biomarkers must be developed for the identification of high-risk-persons [35] , even more since Zevallos et al. demonstrated an increased risk for base of tongue cancer after previously performed tonsillectomy [36] .
Arguments against the contralateral tonsillectomy include the potentially increased morbidity associated with rare but severe complications of a post-tonsillectomy bleeding [24] . The new German guidelines recommend a unilateral tonsillectomy in the case of a unilateral peritonsillar abscess except for patients with a positive history of recurrent acute tonsillitis, where a bilateral tonsillectomy could be justified. However, the morbidity of a bilateral tonsillectomy does not seem to be significantly greater [3, 10] . Anatomical reasons can be the normal architecture of the contralateral tonsil, compared to the increased vascularization of a pathologically changed tonsil. Nevertheless, clinical trials are necessary with primary endpoint the bleeding risk for reaching representative results. However, extensive tonsillectomy in the context of a very progressive unilateral tonsillar carcinoma can be the cause of an impaired blood supply of the palate and palatal arch with severe consequences in case of a planned reconstruction with a free lap (a.e. m. radialis-transplantation). If a reconstructive procedure is foreseen, this complication has to be considered before a bilateral tonsillectomy is fulfilled.
The patient's perspective
Regarding all steps of diagnosis and therapy, the patient's point of view is not highlighted. After diagnosis, a fast procedure through the above-mentioned examinations is of great importance as the patient's focus is in first line a treatment of the disease in a timely manner. Whether a surgical treatment or a therapy through radiation and chemotherapy is needed, depends in most cases on the TNM stadium. In the case that tumor tonsillectomy with or without neck dissection presents the best option, an additional tonsillectomy of the other side with eventually further reconstructions might be a further stress factor for the patient and accompanied with higher risk of complications like dehiscence or necrosis of the transplanted lap, difficulties in swallowing and in food intake. Nevertheless, if this procedure presents the best option to cure the current cancer disease and to prevent/decrease the risk of secondary carcinomas of the opposite side, which will be discussed prior to intervention with the patient, the proposed procedure will be easier accepted.
Conclusion
It is possible that metachronous tumors of the contralateral tonsil are actually synchronous bilateral tonsil carcinomas, which had not originally been diagnosed. A bilateral tonsillectomy as a diagnostic and partial therapeutic procedure in patients with diagnosis of CUP or confirmed unilateral tonsillar carcinoma should be established as a standard procedure regardless HPVstatus. In doing so, the therapy and prognosis can be crucially influenced and the risk for secondary metachronous tumors of the contralateral side can be reduced. The examination of the lymph node metastasis to HPV positivity can give additional hints to an oropharyngeal origin of the primary tumor and should therefore be established in the cascade of CUP-diagnosis. A PET-CT imaging should serve as an indicative investigation and as a supportive diagnostic procedure, but it should not displace panendoscopy with methodical biopsies in combination with a bilateral tonsillectomy. In cases of further soft tissue reconstructions, the possible complication of an alteration of the palatal vasculature has to be considered and an individualized plan needs to be justified.
